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Abstract

The interaction between isatin-f-thiosemicarbazone (IBT) and calf thymus DNA (CT-DNA)
was investigated in physiological buffer (pH 7.4) using Neutral Red (NR) dye as a spectral probe
by UV-Vis absorption and fluorescence spectroscopy, as well as viscosity measurements. The
IBT is stabilized by intercalation in the DNA (K .. o, = 1.03% 105 M™), and displaces the NR
dye from the NR-DNA complex. The binding constants K and number of binding sites (n=1)
of IBT with DNA were obtained by fluorescence quenching method at different temperatures.
Furthermore, the enthalpy and entropy of the reaction between IBT and CT-DNA showed that
the reaction is enthalpy-favored and entropy-disfavored. The changes in the base stacking of
CT-DNA upon the binding of IBT are reflected in the circular dichroic (CD) spectral studies.
The viscosity increase of CT-DNA solution is another evidence to indicate that, IBT is able to

be intercalated in the DNA base pairs.
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Introduction

Thiosemicarbazones have had a lengthy
history as potential prophylactic therapeutics
for human disease beginning at least as early
as 1946 (1). Thiosemicarbazones were the
first antiviral compounds recognized to have
a broad-spectrum antiviral activity against
a range of DNA and RNA viruses. The use
of N-methylisatin-f-thiosemicarbazone
(methisazone/marboran) as an effective antiviral
drug in the chemoprophylaxis of small pox
was demonstrated in human volunteers in
South India as early as 1965 (2, 3). Isatin-f-
thiosemicarbazone (IBT, Figure 1 A) derivatives
were found to demonstrate a range of antiviral
activities (Moloney leukaemia virus, vaccinia
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virus), as reported by earlier studies (4, 5).

Isatin-f-thiosemicarbazone and some of its
derivatives have high activity against neurovaecinia
and certain other poxvirus infections in mice
(6). The thiosemicarbazone of isatin was found
strongly active (7).

Isatin-f-thiosemicarbazone  inhibits  the
formation of mature vaccinia virus progeny (8).
Heterocyclic thiosemicarbazones exercise their
beneficial therapeutic properties in mammalian
cells by inhibiting ribonucleotide reductase, a
key enzyme in the synthesis of DNA precursors
(9). In another study isatin-3-thiosemicarbazone,
revealed significant activity against MTB
H37Rv (10). Thiosemicarbazone derivatives
of isatin were tested for the inhibition of HIV
nucleoprotein synthesis (11).

Isatin hydrazones form an interesting class of
compounds which find wide spread applications
in various fields including inhibition of DNA
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Figure 1. Structures of Isatin-f-thiosemicarbazone (IBT, A) and Neutral Red (NR, B) (4, 15).

synthesis and induction of interferon secretion.
However, the presence of an intramolecular
hydrogen bond (H-bond) in these compounds
allows one to expect that such bonds can also
exist in the molecules of compounds. Then, the
formation of the third (pseudo) cycle in these
structures also makes them potential DNA
intercalators. Thus, the isatin hydrazones are
capable to intercalate into DNA base pairs (12).

Based on the mentioned properties of
hydrazones such as antibacterial, antifungal,
anti-tubercular, antitumor activity, and many
others, we report here the interaction between
this hydrazone and calf thymus DNA (CT-DNA)
using different instrumental methods. Our
previous work showed that isatin can bind to CT-
DNA via groove binding (13). In this study we
show that the binding affinity of the IBT to DNA
is much higher than that of isatin.

Neutral Red (NR, Figure 1 B) is a planar
phenazine dye, and in general, is structurally
similar to other planar dyes (14), e.g., those
of the acridine, thiazine and xanthene kind. In
recent years, the interaction of the fluorescent
NR dye with DNA has been demonstrated by
spectrophotometric (15) and electrochemical
(16) techniques. Compared with a common
fluorimetric probe, ethidium bromide (EB), the
NR dye offers lower toxicity, higher stability
and convenience of use. In addition, its solution
remains stable for up to 2 years. In this work, NR
was selected as the probe (17).

Information obtained from this study will be
helpful to understand the mechanism of isatin
derivatives interaction with nucleic acids, and
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should be useful to develop potential probes of
DNA structure and new therapeutic reagents for
some diseases.

Experimental

Materials

The highly polymerized CT-DNA and Tris—
HCI were purchased from Sigma Co. Isatin and
thiosemicarbazide were purchased from Merck.
All solutions were prepared using double-
distilled water. Neutral Red dye (Merck product)
stock solution (1.0x107 molL') was prepared
by dissolving its crystals in water and diluted to
the required volume. Tris-HCI buffer solution
was prepared from (tris-(hydroxymethyl)-
amino-methane—hydrogen chloride) and pH
was adjusted to 7.4. The stock solution of
DNA-polymerized CT-DNA was prepared by
dissolving DNA in 10 mM Tris-HCI buffer pH
7.4 and dialyzing exhaustively against the same
buffer for 24 h. The DNA solution was stored at
4 °C and used within 5 days of preparation. CT-
DNA solutions gave a ratio of UV absorbance at
260 and 280 nm more than 1.8, indicating that
DNA was sufficiently free from protein (18). The
concentration of the nucleotide was determined
by UV absorption spectroscopy using the molar
absorption coefficient (e 6600M'cm™) at
260 nm. An IBT stock solution (1x103 M) was
prepared by dissolving an appropriate amount of
compound in Tris-HCI buffer/DMSO (90:10%).
It has been verified that the low DMSO
percentage added to DNA solution does not
interfere with the nucleic acid (19).



Synthesis and characterization of the isatin-
P-thiosemicarbazone (IBT)

IBT was obtained by refluxing isatin and
thiosemicarbazide (1:1 molar ratio) in ethanol,
following a general procedure (20). Powdered
solid obtained after cooling were filtrated,
washed with ethanol and dried under vacuum.

Yield: 68% obtained as yellow crystals;
m.p.: 248-249 °C; IR (KBr): v_ /em' 3422
(NH,), 3238 (N-H), 1682 (C=0), 1593, 1539
(C=C, arom), 1342 (C=S); '"HNMR (200 MHz,
DMSO-d)): 12.45 (1H, s, N-H), 11.18 (1H, s,
N-H), 9.02 (1H, s), 8.67 (1H, s), 7.65 (1H, d, J
=7.4Hz),7.35 (1H, t, J,, = 14.7 Hz), 7.08 (1H,
t, J,, = 11.2 Hz), 691 (1H, d, J,,, = 7.8 Hz);
Anal. Caled for C;HN,OS: C 49.1%, H 3.7%,
N 25.5%. Found: C 48.5%, H 3.2%, N 25; 4__
(nm): 252, 271, 358.

Instrumentation

"HNMR spectra were recorded using a Bruker
Avance DPX200MHz (4.7 Tesla) spectrometer
with d-DMSO as the solvent. The elemental
analysis was performed using a Heraeus CHN
elemental analyzer.

Absorbance spectra were recorded using an
HP spectrophotometer (Agilent 8453) equipped
with a thermostated bath (Huber polysat
ccl). Absorption titration experiments were
conducted by keeping the concentration of IBT
constant (5x10° M) while varying the DNA
concentration from 0 to 8x10°M (ri = [DNA]/
[IBT]= 0.0 —1.6).

Equal small aliquots of DNA stock solution
were added to both IBT and reference solutions
to eliminate the effect of DNA absorbance.
Absorbance was recorded at 356 nm for IBT
after DNA addition.

Fluorescence measurements were carried
out with a JASCO spectrofluorimeter (FP 6200)
by keeping the concentration of IBT constant
(37uM) while varying the DNA concentration
from 0 to 74 uM (ri = [DNA]/[IBT] =0, 0.2, 0.5,
0.8,1,1.5,1.8,and 2) .

The competitive interaction between the
NR dye and the IBT with DNA in fluorescence
measurements was carried out with the following
setting: 541 nm as excitation wavelength, 618 nm
as emission wavelength, 10 nm as excitation slit
and 10 nm as emission slit (21). The experiment
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was carried out in 10 mM Tris—HCl at pH 7.4 in
aqueous media. Constant amounts of the NR and
DNA were titrated with increasing amounts of
IBT solution. The changes in absorbance values
or fluorescence intensities, as appropriate, were
monitored against a blank after each addition of
the IBT (17).

Viscosity measurements were made using
a viscometer (SCHOT AVS 450) which was
maintained at 25 = 0.5 °C using a constant
temperature bath. The DNA concentration was
fixed at 5x10° M, and flow time was measured
with a digital stopwatch. The mean values of three
replicated measurements were used to evaluate
the viscosity (1) of the samples. The values for
relative specific viscosity (n/n)"”, where 1, and
n are the specific viscosity contributions of DNA
in the absence (n,) and in the presence of the IBT
were plotted against ri = [IBT]/[DNA]=0.0, 0.5,
1.0, 1.2, 1.5, 1.8 and 2.0.

CD measurements were recorded on a
JASCO (J-810) spectropolarimeter by keeping
the concentration of DNA constant (8§8x10° M)
while varying the IINH concentration from 0 to
5.6x10°M (ri = [[INH]/[DNA] = 0.0, 0.05, 0.4,
and 0.7).

Results and Discussion

DNA is a remarkable bioreceptor for
a variety of small molecules and it can be
considered as a major biological target to design
anticancer agents. DNA-intercalating agents
have been studied for several decades, and a
few representatives (ellipticine, anthracyclines,
acridines, and anthraquinones) are routinely
used in the clinic for the treatment of cancers
(22). This study shows how different methods,
such as UV-visible, fluorescence, viscosity, and
competitive interaction between the NR dye
and IBT with DNA, can be used to elucidate the
binding of IBT to target DNA molecules.

Absorption spectra studies

Absorption spectra of IBT interaction with
DNA

The electronic absorption spectroscopy is the
most common way to investigate the interactions
of compounds with DNA. A compound binding
to DNA through intercalation usually results



Pakravan P and Masoudian Sh ez al. / IJPR (2015), 14 (1): 111-123

1.4

1.2

0.8

0.6

Absorbance

0.4

0z | S

230 250

330
Wavelengih (nm)

increasing the DNA

5
4 v = 43720x + 0.4224
3, R =0.970
o
32
21
Z0 . .
0.00005 0.0001
[DNA]
380 430 450

Figure 2. Absorption spectra of the IBT in 0.01 M Tris-HCI buffer (pH 7.4) at room temperature in the presence of increasing amounts
of CT-DNA. [IBT] = 50 uM, [DNA] = 0-80 uM from top to the bottom. Arrows indicate the change in absorbance upon increasing the

DNA concentration. Inset: plot of [DNA]/ea-eb vs. [DNA]

in hypochromism and bathochromism, due
to the intercalation mode involving a strong
n—m stacking interaction between an aromatic
chromophore and the base pairs of DNA. It
seems to be generally accepted that the extent
of the hypochromism in the UV-visible band
is consistent with the strength of intercalative
interaction. The absorption spectra of IBT in the
absence and presence of CT-DNA (at a constant
concentration of IBT, [IBT] = 50 uM) are given
in Figure 2.

Titration of calf thymus DNA with the IBT
caused some spectral changes. The bands at
356 nm showed considerable hypochromism,
up to 22% and a small shift of the absorption
maximum (from 356 to 357 nm) when saturated
around [DNA]/[IBT] = 1.6.

Large hypochromism in the absorption bands
of the IBT in the presence of double helical
DNA is usually characteristic of intercalation
of molecule into DNA base pairs, due to the
strong stacking interaction between the aromatic
chromophore and the base pairs (23). So,
the above phenomenon is indicative of most
probable intercalative binding mode of IBT with
calf thymus DNA (24, 25). It should be noted
that no significant effect on the absorption bands
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of the molecule in the presence of double helical
DNA, is characteristic of a groove binder.

For further study of IBT interaction with
DNA, the intrinsic binding constant between
mentioned molecule and DNA was calculated;
the intrinsic binding constant, K, for IBT with
CT-DNA was determined according to the
following equation:

[DNA]/(¢ -¢) = [DNA]/(g,-¢) + 1/K (¢,-¢€,)
Equation(1)

Where [DNA] is the concentration of DNA
in base pairs. ¢, ¢, and ¢ are the apparent, free
and bound complex extinction coefficients,
respectively. In particular, € was determined by a
calibration curve of the isolated IBT in aqueous
solution, following Beer’s law. € was determined
as the ratio between the measured absorbance
and the IBT concentration, A , / [IBT]. A plot of
[DNA]/(¢,-¢,) vs. [DNA] gives a slope of 1/( g -¢,
and a y-intercept equal to 1/K, (g -€); K, is the
ratio of the slope to the y-intercept (Inset in Figure
2). The K, value was calculated to be 1.03x10°
M (24). In the previous study (13), a K, value
of 7.32x10* M"! was determined (using UV) for
isatin (a groove binder). The binding constants



indicate that IBT binds more strongly than isatin.
This result is expected, since IBT possesses
greater planer area and extended © system than
that of isatin, which will lead to IBT penetrating
more deeply into, and stacking more strongly
with base pairs of DNA (26). These data indicate
that the intercalated drug has a significant effect
on the strength of DNA binding.

Absorption spectra of NR dye interaction
with DNA

In general, if a small molecule interacts with
DNA, changes in absorbance (hypochromism)
and in the position of the band (red shift) should
occur. Hypochromism and red shift are important
evidences indicating that the small molecule has
intercalated between DNA base pairs, and is
involved in a strong interaction in the molecular
stack between the aromatic chromophore and the
base pairs (27, 28). The spectral effects could be
considered as follows: the empty m*-orbital of
the small molecule couples with the m-orbital
of the DNA base pairs, which causes an energy
decrease, and a decrease of the T —n* transition
energy. Therefore, the absorption of the small
molecule should exhibit a red shift. At the same
time, the empty m*-orbital is partially filled by
electrons, reducing the transition probability,
which leads to hypochromism.

In our work, UV—Vis spectra were recorded
from solutions ofthe NR atconstant concentration
mixed with different concentrations of the DNA.
In general, there is a maximum absorption
at about 454 nm in the spectrum of an NR
solution when DNA is present. It was found
that the band absorbance at 454 nm decreased
with an observed hypochromicity of 37%, and
a small red shift (~11 nm) was evident with
the increasing concentration of DNA. A band
developed at approximately 500 nm with the
increasing of DNA concentration, and has been
designated to the NR-DNA complex. It increases
in intensity with DNA, and has a bathochromic
shift to 540 nm. An isosbestic point at 494 nm
provided evidence of the new DNA-NR complex
formation (29, 33).

Absorption spectra of competitive interaction
of IBT and NR with DNA
As shown in Figure 3, with increasing the
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concentration of IBT, the maximum absorption
at 540 nm of the NR-DNA spectrum decreases
but a slight intensity increase is observed in
the developing band at 454 nm. Comparing
this observation to the behavior of the free NR
absorption band at 454 nm in the presence of
increasing concentration of DNA, it is noted
that its intensity increases. The observed
changes in intensity and position of the bands
with increasing amounts of IBT added to the
NR-DNA complex solution suggest that some
of the NR molecules, which were intercalated
into the DNA base pairs, were exchanged
by IBT. This is consistent with the view that
planarity of a molecule is one of the necessary
conditions for efficient intercalation into the
double helix (30). An aromatic ring stacking
between nucleobase pairs is regarded as a major
driving force for binding of an intercalator
into the double helix. Since the IBT molecule
contains a planar aromatic ring (Figure 1),
which can stack between DNA bases, IBT
should be able to intercalate into the double
helix. Thus, considering the above results, it is
evident that with the use of NR as an indicator,
and UV-Vis spectrophotometry to probe the
interaction between IBT and DNA under neutral
pH conditions, the drug, IBT, binds to DNA by
intercalating between the base pairs (17, 29, 31).

Fluorescence spectroscopic studies

Fluorescence spectra of IBT interaction with
DNA

The IBT can emit luminescence in Tris buffer
with a maximum wavelength of about 541 nm.
Figure 4 shows the emission spectrum of IBT
in the absence and presence of varying amounts
of DNA. As seen from the Figure, the intensity
of emission at 541 nm increases appreciably
in the presence of DNA. The enhancements of
emission intensity imply that IBT molecules
can insert between DNA base pairs. As a result,
IBT molecules are protected from solvent water
molecules by the hydrophobic environment
inside the DNA helix; the accessibility of solvent
water molecules to these compounds is reduced.
The binding of IBT molecules to DNA leading
to a marked increase in emission intensity also
agrees with those observed for other intercalators
(34, 35).
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Figure 3. Effect of IBT on absorption spectra of NR-DNA: C
7.5 and 11.5%107° M, corresponding to the curves, respectively.

Characteristics of fluorescence spectra of
interaction between IBT and DNA—NR

The interaction procedure of NR with
CT-DNA at pH 7.4 was characterized by the
fluorescence spectra (32, 33). They showed that

e = 810 M, C, =2.00x107° M, and C,,, = 0.0, 0.39, 1.5,2.3, 3.4, 4.9,

initially, NR produced only weak fluorescence
in the Tris—HCI buffer due to quenching by the
solvent molecules. However, with the addition of
increasing concentration of DNA, fluorescence
intensity of NR was enhanced substantially
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Figure 4. Emission enhancement spectra of IBT (37 pM) in the absence (bottom spectrum) and presence of increasing amounts of
calf thymus DNA (7.4, 18.5, 29.6, 37, 55.5, 66.6 and 74 pM; subsequent spectra). Arrow shows the emission intensity changes upon

increasing DNA concentration.



because of its intercalation into DNA base pairs.
Such spectral effects are similar to those observed
in the interaction of ethidium bromide (EB) and
DNA (28). This molecule is well known as a
typical intercalator, and it has a weak fluorescence,
which in the presence of DNA is significantly
enhanced. This is attributed to strong intercalation
of EB between the adjacent DNA base pairs (24).
In the present study, with the addition of IBT to
a solution DNA-NR, some NR molecules were
released into solution after an exchange with the
IBT, and this resulted in fluorescence quenching
together (Figure 5A), indicating that interactions
between DNA-NR and IBT occurred and DNA—
IBT complex may form.

Fluorescence quenching refers to any process
that is a decrease of the fluorescence intensity
from a fluorophore due to a variety of molecular
interactions. These include excited-state
reactions, molecular rearrangements, energy
transfer, ground-state complex formation, and
collisional quenching. Quenching can occur by
different mechanisms, which usually classified
as dynamic quenching and static quenching. In
general, dynamic and static quenching can be
distinguished by their different dependence on
temperature (36). Dynamic quenching depends
upon diffusion. Since higher temperatures result
in larger diffusion coefficients, the bimolecular
quenching constants are expected to increase
with increasing temperature. In contrast,
increased temperature is likely to result in
decreased stability of complexes, and thus lower
values of the static quenching constants (19, 36-
39).

The data obtained was analyzed by the Stern—
Volmer equation (Equation 2) (40):

F/F=1+K 1,[Q]=1+K_ [Q]
Equation (2)

Where F, and F are the fluorescence
intensities of DNA-NR in the absence and
presence of the quencher, respectively. K is the
quenching rate constant of the biomolecule, K,
is the Stern—Volmer quenching constant which
can be considered as a measure for efficiency of
fluorescence quenching by IBT, 1, is the average
lifetime of the biomolecule without quencher,
and [Q] is the concentration of quencher (IBT).
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The K of NR-DNA fluorescence by IBT at
different temperatures (290, 298,303, and 310 K)
was obtained and the results are shown in Figure
5B and indicated in Table 1. These results show
that IBT can quench NR-DNA fluorescence in a
static quenching procedure, because the K has
been decreased by temperature rising (33).

According to literature (44) T =10% s, so
the bimolecular quenching constant (K, was
calculated to be 1.14x10"at 310 K. It is larger
than the limiting diffusion rate constant of
biomolecule (2.00x10'%), which indicates the
static quenching occurred in the NR-DNA
quenching by IBT (37, 41).

Binding constant and binding sites

As summed small molecules bind
independently to a set of equivalent sites on a
macromolecule, the equilibrium between free
and bound molecules is given by the equation
(36, 37):

log(F, — F)/F = log K.+ n log[Q]
Eqution (3)

Where K and n are the binding constant
and the number of binding sites, respectively.
According to Equation (3), the values of K .and n
can be obtained, which are summarized in Table
1. The results show that the IBT binds to DNA
with high affinity, which is much higher than
that of isatin interacting with DNA, suggesting
that the biological activities of IBT are superior
to isatin (13). The binding constant decreased
with the rising temperature, which indicated that
the binding is exothermic reaction.

The value of n approximately equal to 1
indicates the existence of just a single binding
site in DNA for IBT, in other words the IBT
molecules intercalate between all of the interbase
spaces (33, 42).

The thermodynamic parameters and nature
of the binding forces

Considering the dependence of binding
constant on temperature, a thermodynamic
process was considered to be responsible
for the formation of a complex. Therefore,
the thermodynamic parameters dependent
on temperatures were analyzed in order to
further characterize the interaction forces



Pakravan P and Masoudian Sh ez al. / IJPR (2015), 14 (1): 111-123

150
1130
2110
a0
70
50
30
10

with increasing IBT to NR-DNA

Fluorescence intensit

560 610

Wavelength(nm)

660 710

d
"o
1

1.8

FO/F

1

1.4
1.2 .

. 290K
» 208K

303K
= 310K

1 r

0 0.00002 0.00004 0.00006

(IBT)

Figure 5. (A) Fluorescence emission spectra of the competition between IBT and NR. C

=9.0x10° M, C, =3.0x10"° M and IBT =

DNA

0 -4.9x10° M corresponding to the curves, respectively. (B) The Stern—Volmer plots for the quenching of DNA-NR by IBT at different

temperatures.

between IBT and DNA. The interaction forces
between a small molecule and macromolecule
include hydrogen bonds, van der Waals force,
hydrophobic force, electrostatic interactions,
etc. The thermodynamic parameters of binding
reaction are the main evidence to confirm the
binding force. If the enthalpy change (AH) does

not vary significantly over the temperature range
studied, then its value and that of entropy change
(AS) can be determined from the van’t Hoff
equation (43):

log K =-AH/2.303RT + AS/2.303R
Equation (4)

Table 1. The quenching constants of NR-DNA by IBT at different temperatures ranging from 0 to 4.9x10° M, [DNA] = 9x10° M, [NR]
=3x10" M, Binding constants (K ), number of binding sites (n) and relative thermodynamic parameters of IBT-DNA system.

Temperature (K) K _(L/mol)x10* Kq(L/mol)XlOlz K, n AG (kJ/mol)  AH (kJ/mol) AS (J/molK)
290 2.57 2.57 1.04x10°  1.13 -71.664 -49.87 -75.152
298 2.04 2.04 7.52x10*  1.13 -72.265

303 1.34 1.34 4.77x10*  1.12 -72.641

310 1.14 1.14 2.82x10*  1.10 -73.167
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AG=AH-TAS Equation (5)

Where K is the binding constantat
corresponding temperature and R is the gas
constant. The temperatures used were 290, 298,
303 and 310K. The enthalpy change (AH) and
entropy change (AS) were obtained from the
slope and intercept of the linear van’t Hoff plot
based on log K versus 1/T . The free energy
change (AG) was estimated from Equation (5).
The values of AH, AS and AG are listed in Table
1. From Table 1, it can be seen that the negative
value of AG revealed the interaction process is
spontaneous.

The free-energy changes (AG) for IBT-DNA
interactions are negatively large due to their strong
association. Ross and Subramanian reported that
when AH<0 or AH~0 and AS>0, the electrostatic
force dominates the interaction; when AH<0 and
AS<0, van der Waals interactions or hydrogen
bonds dominate the reaction (44); when AH>0
and AS>0, hydrophobic interactions dominate
the binding process. Results indicated that AH<0
and AS<0. Therefore, van der Waals interactions
or hydrogen bonds are the main forces in the
binding of the investigated drug to CT-DNA,
and the mode of binding is intercalation. In
addition, the negative entropy change results
from the intercalation of IBT between CT-DNA
bases, accompanied by the loss of translational
and rotational degrees of freedom (45-47). It
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also should be added that groove binding is
predominantly entropically driven, whereas
intercalation is enthalpically driven (46).

Viscosity measurements

To further clarify the nature of the interaction
between the IBT and DNA, viscosity measurements
were carried out by varying the concentration
of the added IBT to DNA solution. The specific
viscosity of the DNA sample clearly increases with
the addition of the IBT (Figure 6). The viscosity
studies provide a strong evidence for intercalation.
The viscosity increase of DNA is attributed to
the intercalative binding mode of the IBT, due to
effective DNA length increase (48, 49).

A classical intercalative mode causes a
significant increase in viscosity of DNA due
to an increase in separation of base Pairs at
intercalationsites, and hence anincrease inoverall
DNA length happens. By contrast, complexes
that bind exclusively with the DNA grooves by
partial and/or non classical intercalation, under
the same conditions, typically cause less positive
or negative or no changes in the DNA solution
viscosity, for example isatin causes no significant
changes in the DNA viscosity (35, 50, 51).

Circular dichroism spectral studies

Circular dichroism (CD) spectroscopy is a
very practical method to analyze the structure
of optically active materials, such as DNA and
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proteins; therefore, the CD technique was used
to determine the DNA conformational changes.
In addition CD signals are quite sensitive to the
mode of DNA interaction with small molecules.

The CT-DNA in the B conformation shows
two conservative CD bands in the UV region;
a positive band at around 275 nm (due to base
stacking) and a negative band at around 245 nm
(due to polynucleotide helicity) (52). In Figure
7, the changes in the CD spectrum of CT-DNA
in presence of increasing concentrations of IBT
are depicted. The positive band showed increase
in molar ellipticity without any significant shift
in the band maxima when the IBT concentration
was progressively increased. This observation is
supportive for the intercalative mode of binding
of the IBT, where the IBT molecules stack in
between the base pairs of DNA thus leading to
the enhancement in the positive band (53). It
is also evident from the CD spectrum that the
binding of the IBT leads to decrement in helicity
and consequently change in the conformation of
CT-DNA, shifting from a more B-like to a more
A-like DNA, which is indicative of intercalative
binding mode of mentioned molecule to DNA
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molecule (44).
Conclusion

We examined the interaction of IBT to DNA
and found sufficient evidences for its binding
mode. We view this as a significant finding
because of the ubiquitous medical roles found
for IBT. The results obtained collectively show
that IBT strongly interact with CT-DNA, by
an intercalative mechanism. The interaction
occurrence is supported by the following
findings:

(1) The absorption spectrum of the IBT shows
that as the concentration of DNA increases, a
large degree of hypochromism develops in the
spectrum. Hypochromism is usually arises from
the strong stacking interaction between the
aromatic chromophore and the base pairs. The
intrinsic binding constant observed (1.03x10°M ™)
was roughly comparable to other intercalators.

(i1)) The fluorescence studies showed an
appreciable increase in IBT emission upon
addition of DNA.

(iii) A competitive reaction monitored between



Neutral Red (NR) dye, DNA and IBT showed
that the intercalated NR was displaced from the
DNA-NR system by IBT.

(iv) The positive slope in the Van’t Hoff plot
indicates that the reaction between the IBT and
DNA was enthalpy favored (AH= - 49.87 kJ mol™)
and entropy disfavored (AS =-75.152 J mol ™! K).

(v) The viscosity increase of CT-DNA solution
by adding the increasing amounts of IBT.

(vi) The obvious intensity increase in the
positive band of CT-DNA in the CD spectrum.

Acknowledgement

The financial support from Young Researchers
and Elite Club of Islamic Azad University of
Zanjan Branch is gratefully acknowledged.

References

(1) Quenelle DC, Keith KA and Kern ER. In-vitro and
in-vivo evaluation of isatin-B-thiosemicarbazone
and marboran against vaccinia and cowpox virus
infections. Antivir: Res. (2006) 71: 24-30.

Sebastian L, Desai A, Shampur MN, Perumal Y,
Sriram D and Vasanthapuram R. N-methylisatin-beta-
thiosemicarbazone derivative (SCH 16) is an inhibitor
of Japanese encephalitis virus infection in-vitro and in-
vivo. Virol. J. (2008) 5: 64-75.

Bauer DJ and Sadler PW. The structure-activity
relationships of the antiviral chemotherapeutic activity
of isatin [-thiosemicarbazone. Brit. J. Pharmacol.
(1960) 15: 101-110.

Bal TR, Anand B, Yogeeswari P and Sriram D.
Synthesis and evaluation of anti-HIV activity of isatin
[-thiosemicarbazone derivatives. Bioorg. Med. Chem.
Lett. (2005) 15: 4451-4455.

Adibi H, Khodaei MM, Pakravan P and Abiri R.
Synthesis, characterization, and in-vitro antimicrobial
evaluation of hydrazone and bishydrazone derivatives
of isatin. Pharm. Chem. J. (2010) 44: 219-227.
O’Sullivan DG, Sadler PW and Russell V. The influence
of isatin B-thiosemiearbazone on the development
of neurovaeeinia virus in cells as shown by electron
microseopy. Arch. Virol. (1964) 45: 650-656.

Altun A, Kumru M and Dimoglo A. Study of electronic
and structural features of thiosemicarbazone and
thiosemicarbazide derivatives demonstrating anti-HSV-1
activity. J. Mol. Struc-Theochem. (2001) 535: 235-246.
Woodson B and Joklik WK. The inhibition of vaccinia
virus multiplication by isatin-f-thiosemicarbazone.
Biochem. (1965) 54: 946-953.

Vatsa G, Pandey OP and Sengupta SK. Synthesis,
spectroscopic and toxicity studies of titanocene
chelates of isatin-B- thiosemicarbazones. Bioinorg.
Chem. Appl. (2005) 3: 151-160.

@

€)

“4)

®)

(6)

0

®)

©

121

interaction between Isatin-f3-Thiosemicarbazone and DNA

(10) Aboul-Fadl T and Bin-Jubair FAS. Anti-tubercular
activity of isatin derivatives. Int. J. Res. Pharm. Sci.
(2010) 1: 113-126.

(11) Selvam P, Chandramohan M, Clercq ED, Witvrouw M
and Pannecouque C. Synthesis and anti-HIV activity
of 4-[(1, 2-dihydro-2-oxo-3H-indol-3-ylidene) amino]-
N(4,6-dimethyl-2-pyrimidinyl)-benzene sulfonamide and
its derivatives. Eur: J. Pharm. Sci. (2001) 14: 313-316.

(12)Karpenko AS, Shibinskaya MO, Zholobak NM,
Olevinskaya ZM, Lyakhov SA, Litvinova LA, Spivak
MY and Andronati SA. Synthesis, DNA-binding, and
interferon-inducing properties of isatin and benzoisatin
hydrazones. Pharm. Chem. J. (2006) 40: 595-602.

(13)Kashanian S, Khodaei MM and Pakravan P.
Spectroscopic studies on the interaction of isatin with
calf thymus DNA. DNA Cell Biol. (2010) 29: 639-646.

(14) Nafisi S, Saboury AA, Keramat N, Neault JF and Tajmir-
Riahi HA. Stability and structural features of DNA
intercalation with ethidium bromide, acridine orange
and methylene blue. J. Mol. Struct. (2007) 827: 35-43.

(15) Huang CZ, Li YF and Feng P. A spectrophotometric study
on the interaction of neutral red with double-stranded
DNA in large excess. Talanta (2001) 55: 321-328.

(16) Heli H, Bathaie SZ and Mousavi MF. Electrochemical
investigation of neutral red binding to DNA at the
surface. Electrochem. Commun. (2004) 6: 1114-1118.

(17)Ni Y, Du S and Kokot S. Interaction between
quercetin—copper(1l) complex and DNA with the use
of the neutral red dye fluorophor probe. Anal. Chim.
Acta (2007) 584: 19-27.

(18) Daouda S, Afifia F, Al-Bakrib A, Kasabric V
and Hamdana [. Preparation, Physicochemical
characterization and biological evaluation of some
hesperidin metal complexes. Iran. J. Pharm. Res.
(2014) 13: 909-918.

(19) Kashanian S and Ezzati Nazhad Dolatabadi J. DNA
binding studies of 2-tert-butylhydroquinone (TBHQ)
food additive. Food Chem. (2009) 116: 743-747.

(20) Rodriguez-Argiielles MC, Sanchez A, Ferrari MB,
Fava GG, Pelizzi C, Pelosi G, Albertini R, Lunghi P
and Pinelli S. Transition-metal complexes of isatin-
B-thiosemicarbazone. X-ray crystal structure of two
nickel complexes. J. Inorg. Biochem. (1999) 73: 7-15.

(21)Ni YN and Zhong XZ. Investigation of the interaction
of DNA and neutral red by fluorescence spectroscopic
analysis. Chinese Chem. Lett. (2007) 18: 569-572.

(22) Shahabuddin MS, Gopal M and Raghavan SC.
Intercalating and antitumour activity of 4-oxopyrimido
[4>, 5>:4, 5] thieno(2,3-b)quinoline-4(3H)-one. J.
Cancer Mol. (2007) 3: 139-146.

(23) Wu JZ, Yang G, Chen S, Ji LN, Zhou JY and Xu Y.
Intercalation into calf thymus DNA of 2-(4-arylphenyl)
imidazo [4,5-f]-[1,10] phenanthroline (aryl = -OMe,-
NMe, or-NO,) in its bipyridyl ruthenium(II) complex.
Inorg. Chim. Acta (1998) 283: 17-23.

(24)Wang BD, Yang ZY and Li TR. Synthesis,
characterization, and DNA-binding properties of
the Ln(III) complexes with 6-hydroxy chromone-
3-carbaldehyde-(2'-hydroxy) benzoyl hydrazone.



Pakravan P and Masoudian Sh ez al. / IJPR (2015), 14 (1): 111-123

Bioorg. Med. Chem. (2006) 14: 6012-6021.

(25)Wu JZ, Yuan L and Wu JF. Synthesis and DNA
binding of p-[2,9-bis(2-imidazo[4,5-f][1,10]
phenanthroline)-1,10-phenanthroline]bis[1,10-
phenanthrolinecopper(I)]. J. Inorg. Biochem. (2005)
99: 2211-2216.

(26) Kashanian S, Khodaei MM, Roshanfekr H, Shahabadi
N, Rezvani A and Mansouri G. DNA Binding, DNA
Cleavage, and Cytotoxicity Studies of Two New
Copper (II) Complexes. DNA Cell Biol. (2011) 30:
287-296.

(27)Kozurkova M, Sabolova D, Paulikova H, Janovec
L, Kristian P, Bajdichova M, Busa J, Podhradsky D
and Imrich J. DNA binding properties and evaluation
of cytotoxic activity of 9,10-bis-N-substituted
(aminomethyl)anthracenes. Int. J. Biol. Macromol.
(2007) 41: 415-422.

(28) Shahrakia S, Mansouri-Torshizia H, Sori Nezamia Z,
Ghahghaeib A, Yaghoubia F, Divsalarc A, Sabouryd
AA and Shirazie FH. The effects of extending of co-
planarity in a series of structurally relative polypyridyl
Palladium(II) complexes on DNA-binding and
cytotoxicity properties. [ran. J. Pharm. Res. (2014) 13:
1279-1294.

(29)Ni Y, Lin D and Kokot S. Synchronous fluorescence
and UV-Vis spectrometric study of the competitive
interaction of chlorpromazine hydrochloride and
neutral red with DNA using chemometrics approaches.
Talanta. (2005) 65: 1295-1302.

(30) Strekowski L and Wilson B. Noncovalent interactions
with DNA: An overview. Mutat. Res. (2007) 623: 3-13.

(31)Song Y, Kang J, Wang Z, Lu X, Gao J and Wang L.
Study on the interactions between CuL, and Morin
with DNA. J. Inorg. Biochem. (2002) 91: 470-474.

(32) Jiang X, Shang L, Wang Z and Dong S. Spectrometric
and voltammetric investigation of interaction of neutral
red with calf thymus DNA: pH effect. Biophys. Chem.
(2005) 118: 42-50.

(33)Zhang G, Guo J, Zhao N and Wang J. Study of
interaction  between  kaempferol-Eu’*  complex
and DNA with the use of the Neutral Red dye as a
fluorescence probe. Sensor. Actuat. B-Chem. (2010)
144: 239-246.

(34)Li TR, Yang ZY, Wang BD and Qin DD. Synthesis,
characterization, antioxidant activity and DNA-
binding studies of two rare earth (III) complexes with
naringenin-2-hydroxy benzoyl hydrazone ligand. Eur:
J. Med. Chem. (2007) 43: 1688-1695.

(35)Li YH, Wang BD and Yang ZY. Infrared and DNA-
binding on ultraviolet and fluorescence spectra of new
copper and zinc complexes with a naringenin Schiff-
base ligand. Spectrochim. Acta A (2007) 67: 395-401.

(36) Khorasani-Motlagh M, Noroozifar M and Mirkazehi-
Rigi S. Fluorescence and DNA-binding spectral
studies of neodymium(Ill) complex containing
2,2>-bipyridine, [Nd(bpy),CI(3)xOH,]. Spectrochim.
Acta A (2010) 75: 598-603.

(37) Wang Y, Yang ZY, Wang Q, Cai QK and Yu KB. Crystal
structure, antitumor activities and DNA-binding

122

properties of the La(Ill) complex with Phthalazin-
1(2H)-one prepared by a novel route. J. Organomet.
Chem. (2005) 690: 4557-4563.

(38)Fei Y, Lu G, Fan G and Wu Y. Spectroscopic studies
on the binding of a new quinolone antibacterial agent:
sinafloxacin to DNA. Anal. Sci. (2009) 25: 1333-1338.

(39)Song G, Yan Q and He Y. Studies on Interaction of
norfloxacin, Cu®, and DNA by Spectral Methods. J.
Fluoresc. (2005) 15: 673-678.

(40) Shahabadi N and Maghsudi M. Binding studies of a
new copper (II) complex containing mixed aliphatic
and aromatic dinitrogen ligands with bovine serum
albumin using different instrumental methods. J. Mol.
Struct. (2009) 929: 193-199.

(41)Ling X, Zhong W, Huang Q and Ni K. Spectroscopic
studies on the interaction of pazufloxacin with calf thymus
DNA. J. Photoch. Photobio. B (2008) 93: 172-176.

(42) Sabolova D, Kozurkova M, Kristian P, Danihel I,
Podhradsky D and Imrich J. Determination of the
binding affinities of plasmid DNA using fluorescent
intercalators possessing an acridine skeleton. Int. J.
Biol. Macromol. (2006) 38: 94-98.

(43) YuX, LiuR, Yang F, Ji D, Li X, Chen J, Huang H and Yi
P. Study on the interaction between dihydromyricetin
and bovine serum albumin by spectroscopic techniques.
J. Mol. Struct. (2011) 985: 407-412.

(44)Kashanian S, Askari S, Ahmadi F, Omidfar K, Ghobadi
S and Abasi Tarighat F. In-vitro study of DNA
interaction with clodinafop-propargyl herbicide. DNA
Cell Biol. (2008) 27: 1-7.

(45) Kashanian S and Ezzati Nazhad Dolatabadi J. /n-vitro
studies on calf thymus DNA interaction and 2-tert-
butyl-4-methylphenol food additive. Eur. Food Res.
Technol. (2010) 230: 821-825.

(46) Chaires JB. A thermodynamic signature for drug-DNA
binding mode. Arch. Biochem. Biophys. (2006) 453:
26-31.

(47) Shahabadi N, Kashanian S and Darabi F. In-vitro Study
of DNA Interaction with a Water-Soluble Dinitrogen
Schiff Base. DNA Cell Biol. (2009) 28: 589-596.

(48)Das S and Kumar GS. Molecular aspects on the
interaction of phenosafranine to deoxyribonucleic
acid: Model for intercalative drug—DNA binding. J.
Mol. Struct. (2008) 872: 56-63.

(49) Ezzati Nazhad Dolatabadi J and Kashanian S. A review
on DNA interaction with synthetic phenolic food
additives. Food Res. Int. (2010) 43: 1223-1230.

(50) Zhou CY, ZhaoJ, WuYB, Yin CX and Yang P. Synthesis,
characterization and studies on DNA-binding of a
new Cu(Il) complex with N!, N3-bis(l-methyl-4-
nitropyrrole-2-carbonyl)triethylenetetramine. J. Inorg.
Biochem. (2007) 101: 10-18.

(51) Shahabadi N, Kashanian S and Darabi F. DNA binding
and DNA cleavage studies of a water soluble cobalt(II)
complex containing dinitrogen Schiff base ligand: The
effect of metal on the mode of binding. Eur. J. Med.
Chem. (2010) 45: 4239-4245.

(52) Zhang Z, Yang Y, Zhang D, Wang Y, Qiana X and Liud
F. Acenaphtho[1,2-b]pyrrole derivatives as new family



of intercalators: Various DNA binding geometry and
interesting antitumor capacity. Bioorg. Med. Chem.
(2006) 14: 6962-6970.

(53) Rajendran A and Nair BU. Unprecedented dual binding
behaviour of acridine group of dye: A combined

123

interaction between Isatin-f3-Thiosemicarbazone and DNA

experimental and theoretical investigation for the
development of anticancer chemotherapeutic agents.
Biochim. Biophys. Acta (2006) 1760: 1794-1801.

This article is available online at http://www.ijpr.ir




Tell us if we are wrong?
Visit http://www.ijpr.ir
or
http:// ijpr.sbmu.ac.ir



